The Escherichia coli cell envelope is modified after infection with wild-type phage T4. For example, the cells become resistant to lysis from without (1), can be lysis inhibited (2), exclude superinfecting T4 phage (3) and ghosts (4), become increasingly permeable to ions and other compounds (5-7), and increase their synthesis and hydrolysis of phospholipids (8) (9) (10) . At least some of these functions are coded for by the phage, because specific phage mutants, such as r (11), spackle (12), ac (7), and imm (13) affecting these properties of the membrane, have been isolated. Furthermore, some of these changes require protein synthesis for their elucidation, indicating that phage-coded proteins are involved in membrane modification (13, 14) .
The Escherichia coli cell envelope is modified after infection with wild-type phage T4. For example, the cells become resistant to lysis from without (1), can be lysis inhibited (2) , exclude superinfecting T4 phage (3) and ghosts (4) , become increasingly permeable to ions and other compounds (5-7), and increase their synthesis and hydrolysis of phospholipids (8) (9) (10) . At least some of these functions are coded for by the phage, because specific phage mutants, such as r (11), spackle (12) , ac (7) , and imm (13) affecting these properties of the membrane, have been isolated. Furthermore, some of these changes require protein synthesis for their elucidation, indicating that phage-coded proteins are involved in membrane modification (13, 14) .
One of these membrane changes is coded for by the rnI locus, which is composed of two cistrons, A and B (15) . The r mutants do not elicit the phenomenon of lysis inhibition (11) and are incapable of growing in E. coli cells lysogenic for phage X (15) . It has already been shown (16, 17) that the rIIB protein is an inner membrane protein made after phage T4 infection. In the present investigation, we show that the rIIA protein is also associated with the bacterial envelope.
MATERIALS AND METHODS
Bacteria and Phage. E. coli H150 is a mutant of E. coli B derived from strain B207 (18) Fig. 1 .
RESULTS

Identification of the rITA product
In all experiments to be described in this section, the synthesis of membrane proteins was determined in the following way. (Fig. 2a) . These molecular weights for the B and A proteins are consistent with previous genetic and physical data (17, 22, 23) . In addition, the synthesis of the rIB protein is not affected by the mutation in the A cistron.
Another test to determine whether the protein of 74,000 molecular weight is the rIIA gene product is to identify polypeptide fragments generated either by a small deletion in the distal portion of the cistron or by amber mutations. All the polypeptides generated should be smaller than the presumed rIIA protein, and should be of a size consistent with the location of the respective mutation in the cistron. A genetic map giving the approximate location of each of the amber mutations, and the extent of each deletion used for this analysis, is shown in Fig. 3 . In all calculations we take the molecular weight of the A protein to be 74,000 and of the B protein to be 31,000 (calculated from migration in gels and compared to standards). Table 1 gives the calculated molecular weights of proteins that could be expected to be generated by each of these mutants. Fig. 2b, c, d , and e shows the profiles of gels prepared from membranes isolated from cells infected with the rIIA mutants A105, EM64, HB32, and HB35, respectively. In each case the protein of 74,000 molecular weight is not present, and a new smaller peptide appears in association with the membrane.
The sizes of these fragments are indicated in Table 1 . It can be seen that the observed sizes of the peptide fragments correspond quite well to the portion of the rIIA protein that would be expected to be synthesized by these mutants.
The rIIB protein is unaffected by mutations that do not extend into the B cistron (Fig. 2c, d , and e). However, membranes isolated from mutant A105, which contains also a deletion of the entire B cistron, lack the rIIB protein (Fig.  2b ).
An unusual rII mutant has been described in which a deletion encompasses a large part of the A cistron and only about 19% of the B cistron. Although the rIIA function is lost in mutant 1589, the remainder of the B product made is apparently active (24) . Although the termination signal for the A protein is probably lost, it is not known whether a compound protein composed of the undeleted portion of the A protein combined with the remaining portion of the B protein is formed. Alternatively, it is also possible that termination does occur and that two peptide fragments corresponding to the undeleted portions of the A and B cistrons are formed. The molecular weights of the A and B peptides would be about 50,300 and 25,200, respectively, and they should be identifiable on the gels. A compound protein composed of both the remaining A and B peptides fused together would have an approximate molecular weight of 75,500. As can be seen in Fig. 2f , this second possibility seems to be the correct one. A new protein of about 78,000 molecular weight appears on membranes isolated from cells infected with rII 1589. Both the A and B proteins are lacking. In contrast to this finding, Weintraub and Frankel (17) found that the 1589 mutation did not affect the synthesis of a B peptide. We do not understand the reasons for the differences in our results from those of Weintraub and Frankel.
Kinetics of synthesis of the rIIA protein Synthesis of rIIA mRNA and protein follow delayed early kinetics (25) (26) (27) . As shown in Fig. 4 , the rIIA protein is not made 1-4 min after infection with T4r+. Its synthesis starts during 4-8 min after infection, and continues through 20-25 min after infection. It is interesting to compare the kinetics of synthesis of both the A and B proteins; they are the same, except that B formation is markedly depressed 20-25 min after infection, whereas A synthesis seems to continue.
It should be noted that the major membrane-associated protein that is made 20-25 min after infection (peak at slice (28, 29) . The observed molecular weights were determined by comparing the relative migration of each protein to a standard curve (Fig. 1) . (22, 23, 28, 29) and with the known kinetics of appearance of rII mRNA (26) and protein (25, 27) . Furthermore, this protein is not present in membranes prepared from cells infected with an rIIA deletion mutant (Fig. 2a) . In addition, infection of E. coli with different rIJA amber mutants gives peptides that are associated with the bacterial membrane, of molecular weights consistent with the location of the respective mutations in the cistron (Fig. 25, c, d , and e). protein composed of the undeleted portions of the A and B cistrons. We find this protein (Fig. 2f) . However, more importantly, this finding also gives further support to the idea presented above that the A protein is made in lesser amounts than the B. As is observed in Fig. 2f , the amount of the "compound" protein synthesized is equal to about the amount of A protein one would expect to find in an infection with the wild-type T4, and not in the concentration B protein is made. This finding would indicate that the B function in 1589 is governed by the A promoter. This latter observation is consistent with the previous inability to find an rI1B peptide in cells infected with rIl 1589, since it was presumably present in too low a concentration to detect (30, 31) .
The identification of the rIIA protein can facilitate the study of its function in normal phage infection. Furthermore, because of the large number of mutants available, this system may be useful for studying gene-protein relationships.
